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Tamarillo (Solanum betaceum) is a tropical exotic fruit whose polysaccharides were extracted from the
ripe pulp. After various puriﬁcation steps, homogeneous fractions (designated PTW, STK-1000R and PF)
were analyzed by sugar composition, HPSEC, methylation and NMR spectroscopy analysis. The results
showed that the fraction PTW consisted of a linear arabinan with (1? 5)-linked a-L-arabinofuranosyl
units. Fractions designated as STK-1000R and PF contained galactoarabinoglucuronoxylans, with
(1? 4)-linked b-D-Xylp residues in the backbone, carrying branches exclusively at O-2. The polysaccha-
ride in STK-1000R is less branched than that in the PF fraction (20.0% and 36.5%, respectively), with
side-chains formed by (1? 5)-linked a-L-Araf residues and (1? 4)-linked a-D-GlcpA residues and with
non-reducing end units formed by a-L-Araf, b-Arap, b-D-Galp, a-D-GlcpA and 4-O-Me-a-D-GlcpA. Intra-
peritoneal administration of the STK-1000R fraction in mice signiﬁcantly reduced the number of abdom-
inal constrictions induced by 0.6% acetic acid and the inﬂammatory phase of nociception induced by 2.5%
formalin, indicating that that fraction has an antinociceptive effect on inﬂammatory pain models.
 2013 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
The tamarillo (Solanum betaceum Cav. syn Cyphomandra betacea
Sendt.), alsoknownby itspopularnameas tomato tree, is a small tree
native of theAndes and belongs to the Solanaceae family. This specie
is cultivated in subtropical or warm temperate regions. In countries
like Colombia andNewZealand, it is a commercial crop for export. In
Brazil, it is found mainly in house gardens or in small crops.
Tamarillo types are distinguished according to their fruit skin
colors: solid deep-purple, blood-red, orange or yellow, or red-
and-yellow, and may have faint dark, longitudinal stripes. The ripe
fruit is ovoid in shape and smooth-skinned. It has a length of
4–10 cm, a diameter of 3–5 cm, and contains many small seeds;
it elicits a slightly sour and astringent taste with a delicate and
characteristic aroma and is generally consumed fresh or used in
various culinary preparations such as salads, sauces, soups, jellies,
ice creams, juices and liqueurs (Morton, 1987).
The exotic fruit is low in fat and calories and has high nutri-
tional value providing signiﬁcant amounts of micronutrients such
as vitamins, minerals and bioactive components such as anthocya-
nins, carotenoids and ﬂavonoids (Osorio et al., 2012). The levels of
vitamins B6, C and E and the levels of trace elements such as iron,magnesium, copper and potassium present in one tamarillo fruit
may supply over 5% of the RDI (recommended daily intake) of
these nutrients (Lister, Morrison, Kerkhofs, & Wright, 2005).
In folk medicine, the leaves and fruits of tamarillo are used in
the treatment of sore throat, inﬂamed tonsils and gums (Bohs,
1989). However, there are no studies seeking to identify the com-
ponents of tamarillo responsible for these apparent anti-inﬂamma-
tory and analgesic actions.
With respect to the content of carbohydrates, the fruits of tam-
arillo contain low levels of sugars (fructose, glucose and sucrose)
compared to other tropical fruits and they contain approximately
3% of ﬁber (Boyes & Strubi, 1997). However, there are no reports
in the literature concerning the structure of the polysaccharides
present in this tropical exotic fruit. In this context, we describe
here the chemical structure and an evaluation of the antinocicep-
tive and anti-inﬂammatory effects of a galactoarabinoglucuron-
oxylan polysaccharide isolated from the edible pulp of tamarillo
(S. betaceum) fruits.2. Materials and methods
2.1. Plant material
Ripe fruits of S. betaceum, orange type (Fig. 1A), were collected
in the town of Prudentópolis (251201700 S; 505901200 W), State of
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Fig. 1. Tamarillo (Solanum betaceum) fruits, orange type (A) and scheme of
extraction and fractionation of polysaccharides from its pulp (B).
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(Herbarium of the Federal University of Paraná), registration num-
ber 72896.2.2. General analytical methods
Quantiﬁcation of total lipid was performed by sequential
extraction through Soxhlet apparatus, employing chloroform–
methanol (1:1) as solvent.
Fractions STK-1000R and PF were carboxy-reduced by the car-
bodiimide method (Taylor & Conrad, 1972), using NaBH4 as the
reducing agent, giving products with the –COOH groups of the
uronic acid residues reduced to –CH2OH.2.3. Extraction and puriﬁcation of polysaccharides
The fruits were peeled, the seeds were manually removed and
the pulp was freeze–dried and milled (235 g). Dried pulp powder
was defatted with chloroform–methanol (1:1) in order to remove
lipids, pigments and other hydrophobic material. Polysaccharides
were extracted from the residue with water at 100 C for 2 h (7,
l L each). The aqueous extracts were obtained by centrifugation
(8000 rpm, 20 min at 25 C), combined and concentrated under re-
duced pressure. The polysaccharides were precipitated with EtOH
(3 vol.), collected by centrifugation (3860g, 20 min at 4 C) andfreeze–dried, giving fraction TW. The remaining residue was then
extracted four times (1 L each) with aq. 10% KOH, at 100 C for
2 h and the alkaline extracts were neutralized with acetic acid, dia-
lyzed for 48 h with tap water, concentrated under reduced pres-
sure and freeze–dried, generating fraction TK (Cordeiro et al.,
2012).
A freeze–thaw treatment was applied to fractions TW and TK to
give cold-water soluble fractions STW and STK, respectively
(Fig. 1B). In this procedure, the sample was frozen and then thawed
at room temperature. Insoluble polysaccharides (fractions PTW
and PTK, respectively) were recovered by centrifugation (3860g,
20 min at 4 C). In order to remove starch, these fractions were
extensively treated with a-amylase (from Bacillus licheniformis,
Sigma A3403) and dialyzed.
Fraction STK was submitted to ultraﬁltration through mem-
brane (Millipore, PLHK04710-Ultracel) with cut-off of 300 kDa.
The retained fraction on the membrane (fraction STK-300R) was
further submitted to closed dialysis (in bag with cut-off of
1000 kDa) against distilled water for 48 h.
The eluted fraction through 300 kDa ultraﬁltration membrane
(STK-300E) was further treated with Fehling solution and the pre-
cipitated material (PF) separated by centrifugation (Fig. 1B). The
Cu2+-precipitate was neutralized with AcOH, dialyzed against tap
water, deionized with mixed ion exchange resins and then
freeze–dried.
The yields were expressed as % based on the weight of dried
tamarillo pulp that was submitted to extraction (235 g).2.4. Sugar composition
Neutral monosaccharide components of the polysaccharides
and their ratio were determined by hydrolysis with 2 M TFA for
8 h at 100C, followed by conversion to alditol acetates by succes-
sive NaBH4 or NaBD4 reduction and acetylation with Ac2O–pyri-
dine (1:1, v/v, 1 ml) at room temperature for 14 h. The resulting
alditol acetates were then extracted with CHCl3. These were ana-
lyzed by GC–MS using a Varian model 3300 gas chromatograph
linked to a Finnigan Ion-Trap model (ITD 800) mass spectrometer
with He as carrier gas. A capillary column (30 m  0.25 mm i.d.)
of DB-225 was used for the quantitative analysis (Cordeiro et al.,
2012). During injection, column temperature was held at 50 C
for 1 min, then programmed at 40 C/min to 220 C and held at this
constant temperature for 19.75 min.
Uronic acid contents were determined using the m-hydroxybi-
phenyl method (Filisetti-Cozzi & Carpita, 1991).2.5. Determination of homogeneity of polysaccharides and molecular
weight of components
The homogeneity and average molar mass (Mw) of soluble poly-
saccharides were determined by high performance steric exclusion
chromatography (HPSEC), using a differential refractometer
(Waters) as detection equipment. Four columns were used in ser-
ies, with exclusion sizes of 7  106 Da (Ultrahydrogel 2000,
Waters), 4  105 Da (Ultrahydrogel 500, Waters), 8  104 Da
(Ultrahydrogel 250, Waters) and 5  103 Da (Ultrahydrogel 120,
Waters). The eluent was 0.1 M aqueous NaNO2 containing
200 ppm aqueous NaN3 with a ﬂow rate of 0.6 ml/min, at room
temperature. The sample, previously ﬁltered through a membrane
(0.22 lm, Millipore), was injected (250 ll loop) at a concentration
of 1 mg/ml. The speciﬁc refractive index increment (dn/dc) was
determined and the results were processed with software ASTRA
provided by the manufacturer (Wyatt Technologies).
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The puriﬁed polysaccharides were O-methylated according to
the method of (Ciucanu and Kerek (1984) using powdered NaOH
in DMSO–MeI. The per-O-methylated derivatives were hydrolyzed
with 45% formic acid for 16 h at 100 C and the resulting mixture of
partially O-methylated monosaccharides was successively reduced
with NaBD4 and acetylated with Ac2O–pyridine. The products (par-
tially O-methylated alditol acetates) were examined by capillary
GC–MS. A capillary column (30 m  0.25 mm i.d.) of DB-225, held
at 50 C during injection for 1 min, then programmed at 40 C/
min to 210 C and held at this temperature for 31 min was used
for separation. The partially O-methylated alditol acetates were
identiﬁed by their typical electron impact breakdown proﬁles
and retention times (Sassaki, Iacomini, & Gorin, 2005).
2.7. Nuclear magnetic resonance (NMR) spectroscopy
13C{1H} NMR spectra were acquired at 50 C on a Bruker
AVANCE III 400 NMR spectrometer, operating at 9.5 T, observing
13C at 100.61 MHz, equipped with a 5-mm multinuclear inverse
detection probe with z-gradient. The water soluble samples were
acquired in D2O and the water-insoluble ones in DMSO-d6. All
13C NMR chemical shifts are expressed in ppm relative to CH3 sig-
nal from acetone at d 30.2 or DMSO-d6 at d 39.7 as internal refer-
ences. For 1H–13C directed correlation from HSQC (Heteronuclear
Single-Quantum Coherence) NMR experiment, the fraction was
deuterium-exchanged three times by freeze-drying with D2O solu-
tions, ﬁnally dissolved in DMSO-d6 and transferred into a 5-mm
NMR tube. All pulse programs were supplied by Bruker.
2.8. Animals
Experiments were conducted using female Swiss mice
(25–35 g) from the Federal University of Paraná colony. Animals
were kept under standard laboratory conditions (12 h light/dark
cycles, temperature 22 ± 2 C) with food and water provided ad
libitum. Animals were acclimatized to the laboratory for at least
12 h before testing and were used only once for experiments. All
the experiments were performed after approval of the respective
protocols by the Committee of Animal Experimentation of the
Federal University of Paraná (CEUA/BIO – UFPR; approval number
613). The study was conducted in accordance with the ‘‘Principles
of Laboratory Animal Care’’ (NIH Publication 85-23, revised 1985)
and with the ethical guidelines for investigations of experimental
pain in conscious animals. The number of animals and intensity
of noxious stimuli used were the minimum necessary to demon-
strate consistent effects of the drug treatments.
2.9. Abdominal constriction induced by acetic acid
The animals were intraperitoneally (i.p.) pre-treated with vehi-
cle (saline, 10 ml/kg) and STK-1000R (0.01, 0.1, 1 and 10 mg/kg),
30 min before the i.p. injection of 0.6% aqueous acetic acid
(0.45 ml/mouse, made up in saline). The abdominal constrictions
were counted over a period of 20 min (Rodrigues et al., 2012).
2.10. Nociception induced by formalin
The mice received 20 ll of a 2.5% formalin solution (0.92% form-
aldehyde, in saline) intraplantarly under the ventral surface of the
right hindpaw. Animals were observed from 0 to 5 min (early
phase) and 15 to 30 min (late phase) and the time that they spent
licking the injected paw was considered as indicative of nocicep-
tion (Rodrigues et al., 2012). Animals were treated with vehicle(saline, 10 ml/kg, i.p.) and STK-1000R (0.01, 0.1 and 1.0 mg/kg,
i.p), 30 min before the formalin injection.2.11. Statistical analysis
Data were expressed as means ± standard error of mean (S.E.M.)
with 6–8 animals per group. Comparisons between experimental
and control groups were performed by one-way analysis of vari-
ance (ANOVA) followed by Newman–Keul’s test. P values less than
0.05 were considered as indicative of signiﬁcance.3. Results and discussion
The pulp of tamarillo fruits was freeze–dried (yielding a mois-
ture content of approximately 80%). The dried pulp powder
(235 g) was then de-fatted with chloroform–methanol (1:1) in a
Sohxlet apparatus, yielding nonpolar compounds at a content of
approximately 26%. The defatted residue was then submitted to
successive extraction with water and 10% aq. KOH, both at
100 C, and the extracted polysaccharides (fraction TW and TK,
respectively) recovered by EtOH precipitation and dialysis, respec-
tively (Fig. 1B). The fraction TW was obtained in 9.0% yield, while
fraction TK was a polysaccharide obtained in only 1.0% yield. Both
fractions were submitted to freeze–thaw treatment, giving rise to
precipitates (PTW, 0.5% yield and PTK, 0.1% yield, each) and super-
natants (STW, 6.0% yield and STK, 0.9% yield).
The monosaccharide analysis of PTW revealed only arabinose
(32.0%) and glucose (68.0%). The glucose content was due to starch,
with typical 13C NMR signals at d 100.6 (C-1), 72.1 (C-2), 73.2 (C-3),
78.9 (C-4), 71.7 (C-5) and 60.7 (C-6). To remove this polysaccha-
ride, an a-amylase digestion was performed. Thereafter, only
arabinose was detected on monosaccharide analysis, indicating
the presence of an arabinan.
The HSQC spectrum of the arabinan is given in Fig. 2A. The data
suggested that the arabinan contained a linear structure and
(1? 5)-linked a-L-arabinofuranosyl units, due to the presence of
exclusively ﬁve signals in the spectrum. The assignments of the
signals were done by COSY and HSQC experiments and are shown
in Fig. 2A. The C-5 O-substitution was conﬁrmed with DEPT-135
experiment (Fig. 2B), which demonstrated an inverted signal at
67.0 ppm which, due to its low ﬁeld resonance, corresponds to
substituted CH2-OH (C-5 of Araf units).
Among arabinans present in primary cell walls of plants, linear
(1? 5)-a-L-arabinans are less frequent than branched ones. Linear
(1? 5)-a-L-arabinans have been encountered only in apple juice
(Churms et al., 1983) and in seeds of Schizolobium parahybae, Cassia
fastuosa and Chenopodium quinoa (Cordeiro et al., 2012; Petkowicz,
Sierakowski, Ganter, & Reicher, 1998).
Monosaccharide analysis of fraction STK revealed rhamnose
(4.3%), arabinose (18.0%), xylose (24.0%), galactose (14.3%) and glu-
cose (32.1%). The content of uronic acids was 7.3%. Then, fraction
STK was treated with a-amylase and submitted to puriﬁcation by
ultraﬁltration through a membrane with a cut-off of 300 kDa
(Fig. 1B), giving retained (fraction STK-300R) and eluted fraction
(STK-300E).
Fraction STK-300R showed the presence of arabinose (20.0%),
xylose (72.0%), galactose (0.5%) and uronic acid (7.5%), indicating
the presence of an acidic heteroxylan. The homogeneity of this
fraction was determined by high performance steric exclusion
chromatography (HPSEC), which gave rise to a main peak (peak
I) and two other peaks of smaller intensities (peaks II and III,
Fig. 3A). In order to obtain a homogeneous fraction, STK-300R
was further submitted to closed dialysis (in bag with cut-off of
1000 kDa, Fig. 1B) against distilled water (for 48 h), giving rise to
eluted (STK-1000E) and retained fractions (STK-1000R). The
Fig. 2. 2D HSQC spectrum (A) and DEPT-135 experiment (B) of linear (1? 5)-a-L-
arabinan present in fraction PTW isolated from pulp of tamarillo (S. betaceum)
fruits. Sample was dissolved in Me2SO-d6 and data collected at probe temperature
of 70 C.
Fig. 3. HPSEC elution proﬁle of (A) fraction STK-300R and (B) fractions STK-300E, SF
and PF, obtained from pulp of tamarillo (S. betaceum) fruits (refractive index
detector).
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position, with a molar ratio for arabinose/xylose/galactose/uronic
acid of 10.6:75.4:1.8:12.0 and 12.4:73.6:2.7:11.3 for fractions
STK-1000E and STK-1000R, respectively. Moreover, 13C NMR anal-
ysis demonstrated that they have similar spectra, indicating the
presence of polysaccharides with similar structure but different
molar mass. Thus, only fraction STK-1000R, which was obtained
in higher yield, was further analyzed.
In order to investigate the identity of the uronic acid present,
fraction STK-1000R was carboxy-reduced and submitted to
monosaccharide analysis by GC–MS. This revealed the presence
of arabinose (9.8%), xylose (75.0%), galactose (2.5%), glucose
(5.1%) and 4-O-methyl-glucose (7.6%), indicating that the uronic
acid content was represented by glucuronic acid and its 4-O-
methyl-derivative.
Methylation analysis of carboxy-reduced STK-1000R is reported
in Table 1. The results suggested a polysaccharide with (1? 4)-
linked Xylp residues in the backbone, carrying a low proportion
of branching (20%), exclusively in O-2 (due to the presence of a
3-O-methyl-xyl-ol-acetate derivative). The side-chains are formed
by (1? 5)-linked Araf residues and (1? 4)-linked GlcpA residues.
The remaining monosaccharides were found only as non-reducing
end units: Araf, Arap, Galp, GlcpA and 4-O-Me-GlcpA. Thus, the
linkage analysis conﬁrmed the presence of a low branching galac-
toarabinoglucuronoxylan branched exclusively in O-2.
The 13C NMR spectral data (Fig. 4A) of the galactoarabinoglucu-
ronoxylan were in good agreement with the results of the linkage
analysis. Thus, its spectrum is dominated by ﬁve signals of the
internal (1? 4)-linked b-D-Xylp units of the main chain, with reso-
nances at d 101.9 (C-1), d 75.8 (C-4), d 74.1 (C-3), d 72.8 (C-2), d 63.3
(C-5). Their coupled hydrogens were seen in the HSQC experiment,
at d 5.12, 4.42, 4.21, 3.93 and d 4.75/4.03 respectively. The branch-
ing of the xylan side-chains at O-2 of the main-chain units is dem-
onstrated by the set of signals for 2-O-substituted b-D-Xylp units at
d 101.3 (C-1), 77.9 (O-substituted C-2), 76.4 (O-substituted C-4) and
62.9 (C-5). The signals at d 97.8 (C-1), 72.0 (C-2), 72.2 (C-3), 81.8
(C-4), 172.6 (C-6, not shown) and 59.0 (4-O-methyl-) clearly indi-
cate the presence of 4-O-Me-a-D-GlcpA. A weak resonance at low
ﬁeld in d 108.2 is of an anomeric carbon of a-L-Araf units. The sig-
nals of Arap and Galp could not be observed in the spectrum due
to their content, which is too low to be identiﬁed by 13C NMR
spectroscopy. The assignments are in agreement with published
literature data (Odonmazig, Badgaa, Ebringerová, Mihálov, &
Alföldi, 1990; Shatalov, Evtuguin, & Pascoal-Neto, 1999).Table 1
Linkage types based on analysis of partially O-methyl alditol acetates obtained from
methylated galactoarabinoglucuronoxylan from the pulp of tamarillo fruits (Solanum
betaceum).
Partially O-methylalditol
acetate
STK-1000Ra PFa Linkage typeb
2,3,5-Me3-Arac 3.0 8.0 Araf-(1?
2,3,4-Me3-Ara 1.0 4.0 Arap-(1?
2,3,4,6-Me4-Gal 2.0 5.0 Galp-(1?
3,5-Me2-Ara – 2.0 ?2)-Araf-(1?
2,3-Me2-Ara 3.0 1.0 ?5)-Araf-(1?
2,3-Me2-Xyl 63.0 43.5 ?4)-Xylp-(1?
3-Me-Xyl 16.0 25.0 ?2,4)-Xylp-(1?
2,3,4,6-Me4-Glc 3.0 3.0 GlcpA(1?d
7.0 7.0 4-O-Me-GlcpA-(1?d
2,3,6-Me3-Glc 2.0 1.5 ?4)-GlcpA-(1?
a % of peak area of O-methylalditol acetates relative to total area, determined by
GC–MS. Samples were carboxy-reduced by the carbodiimide method (Taylor &
Conrad, 1972), prior to methylation analysis.
b Based on derived O-methylalditol acetates.
c 2,3,5-Me3-Ara = 2,3,5-tri-O-Methylarabinitolacetate, etc.
d Deduced by the proportion of GlcA and 4-O-Me-GlcA present in the monosac-
charide analysis of carboxy-reduced fractions.
Fig. 4. 13C NMR spectra of (A) fraction STK1000R, in Me2SO-d6 at 70 C; (B) fraction STK-300E, in D2O at 50 C, and (C) fraction PF, in D2O at 50 C.
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showed a homogeneous elution proﬁle on HPSEC analysis
(Fig. 3B) and was composed of rhamnose (2.0%), arabinose
(31.5%), xylose (43.5%), galactose (14.5%), glucose (2.5%) and uronic
acid (6.0%). In addition to ﬁve resonances of the (1? 4)-linked b-D-
Xylp ring of the main chain of a xylan, the 13C NMR spectrum of
fraction STK-300E (Fig. 4B) also showed six intense signals at d
104.3, 77.6, 74.5, 73.4, 71.9 and 60.8, corresponding to carbons 1,
4, 5, 3, 2, 6 of (1? 4)-linked b-D-Galp units (Tanaka et al., 2010).
This was indicative of a mixture of polysaccharides with different
chemical structures, but with the same molar mass. Thereafter,
fraction STK-300E was subjected to treatment with Fehling solu-
tion, giving rise to fractions SF (Fehling supernatant) and PF (Feh-
ling precipitate). This strategy was highly efﬁcient in separating
the two polymers, as could be seen by their monosaccharide com-
position. While fraction SF is composed mainly by arabinose
(21.6%) and galactose (46%), indicating the presence of an arabino-
galactan, fraction PF is composed of arabinose (22.0%), xylose
(62.0%), galactose (5.0%) and uronic acid (11.0%), indicating the
presence of the galactoarabinoglucuronoxylan. Their elution pro-
ﬁles on HPSEC are demonstrated in Fig. 2B, with molar mass of
22,000 g/mol (dn/dc = 0.193) for PF.
Monosaccharide analysis of carboxy-reduced PF revealed that
the uronic acid was represented by glucuronic acid (4.4%) and its4-O-methyl-derivative (6.6%). Methylation analysis (Table 1)
demonstrated that the galactoarabinoglucuronoxylan present in
fraction PF is more branched (36.5%) than that present in fraction
STK-1000R. Moreover, it had higher amounts of non-reducing ends
of Araf, Arap and Galp units. Small amounts of 2-O-linked Araf units
were also present.
The 13C NMR spectrum (Fig. 4C) of PF is in good agreement with
the linkage analysis observed in the methylation analysis, with
more intense anomeric signals of a-L-Araf units (at d 107.3 and
108.3), b-Arap units (at d 100.1) and b-D-Galp units (at d 104.4)
than that observed for the galactoarabinoglucuronoxylan present
in fraction STK-1000R.
Finally, according to monosaccharide composition, methylation
analysis and spectral data, fractions STK-1000R and PF contain
galactoarabinoglucuronoxylans, with (1? 4)-linked b-D-Xylp resi-
dues in the backbone, carrying branches exclusively in O-2. That
present in STK-1000R is less branched, with side-chains formed
by (1? 5)-linked a-L-Araf residues and (1? 4)-linked a-D-GlcpA
residues and with non-reducing end units formed by a-L-Araf,
b-Arap, b-D-Galp, a-D-GlcpA and 4-O-Me-a-D-GlcpA.
Concerning fruits, acidic heteroxylans have been found only in
monocotyledon pineapple (Smith & Harris, 1995), and in dicotyle-
dons olive pulp (Vierhuis, Schols, Beldman, & Voragen, 2001),
katamfe (Adesina & Higginbotham, 1977), winter melon
G.E. do Nascimento et al. / Food Chemistry 141 (2013) 510–516 515(Mazumder, Lerouge, Loutelier-Bourhis, Driouich, & Ray, 2005) and
in Siberian apricot (Odonmazig et al., 1990). With the exception of
acidic heteroxylan from winter melon,where the branch point was
unknown, the others were branched at O-2 and O-3. This is a usual
pattern of branching in acidic heteroxylans that contain both Ara
and GlcA units. In contrast, the acidic heteroxylans studied herein
from the tamarillo pulp had a main chain branched only at O-2.
The acidic heteroxylans from tamarillo pulp had a small amount
of Galp found only as the non-reducing end in the methylation
analysis. Due to the absence of other galactose derivatives in this
analysis, which could possibly have arisen from a main chain of a
contaminating pectic arabinogalactan, we believe that these Galp
units belong to the acidic heteroxylan structure. A detailed
examination of the literature reveals that galactose occurs in theFig. 5. Effect of intraperitoneal administration of STK-1000R on abdominal
constriction (A) induced by 0.6% acetic acid and on neurogenic phase (B) and
inﬂammatory phase (C) of nociception induced by 2.5% formalin in mice. The
animals were treated with vehicle (VEH, 10 ml/kg, i.p.) or STK-1000R (0.01–10 mg/
kg, i.p.). Data are expressed as means ± S.E.M. (n = 6–8) and statistical comparison
was performed using one-way ANOVA followed by post hoc Newman–Keul’s test.
Differences from vehicle group (⁄P < 0.05).structural features of some xylans isolated from various botanical
sources. In these studies, galactose units were also found as non-
reducing end-groups and were present in the pyranoside confor-
mation (Buchala, 1973; Buchala, Fraser, & Wilkie, 1972; Cipriani
et al., 2008; Ebringerová, Hromádková, Alföldi, & Berth, 1992;
Shatalov et al., 1999; Woolard, Rathbone, & Novellie, 1977).
Regarding the biological properties of acidic heteroxylans,
studies have already showed anti-ulcer (Cipriani et al., 2008),
immunological (Ebringerová, Hromádková, Alfödi, & Hríbalová,
1998; Proksch & Wagner, 1987), anti-complementary (Samuelsen
et al., 1999) and antitussive activities (Kardosová, Maloviková,
Pätoprsty´, Nosál’ová, & Matáková, 2002). In this context and con-
sidering the use in folk medicine of tamarillo fruit, we also evalu-
ated the antinociceptive and antiinﬂammatory effects of the
galactoarabinoglucuronoxylan present in STK-1000R fraction.
Our results showed that intraperitoneal administration of STK-
1000R (0.1–10 mg/kg) produced dose related inhibition of the
abdominal constrictions induced by acetic acid, a screening model
for the assessment of analgesic or anti-inﬂammatory properties of
new agents (Fig. 5A). STK-1000R displayed a mean ID50 of 0.47 mg/
kg (95% conﬁdence limits 0.18–1.19), and at 10 mg/kg inhibited the
number of writhes by 78 ± 6%. It is well known that acetic acid
causes an inﬂammatory nociception, with direct activation of
peripheral polymodal nociceptors and release of endogenous
inﬂammatory mediators such as bradykinin, prostaglandin and
cytokines (TNF-a, IL-1b and IL-8) (Rodrigues et al., 2012). To con-
ﬁrm the effect of STK-1000R on inﬂammatory pain, we performed
the formalin test. This model is constituted by two distinct phases:
the neurogenic pain (phase I), which results from the direct
irritating effect on nociceptors, and the inﬂammatory pain (phase
II), mediated by a combination of peripheral input and spinal cord
sensitization (Tjolsen, Berge, Hunskaar, Rosland, & Hole, 1992).
Similarly, intraperitoneal administration of STK-1000R (0.01, 0.1,
and 1 mg/kg) inhibited only the inﬂammatory phase of formalin-
induced nociceptive response, yielding ID50 of 0.09 (0.03–0.23)
mg/kg (maximal inhibition of 80 ± 6% for STK-1000R 1 mg/kg)
(Fig. 5B and C). These ﬁndings suggest that the galactoarabinoglu-
curonoxylan present in the pulp of tamarillo (S. betaceum) pro-
motes analgesic effects through anti-inﬂammatory mechanisms.
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